












































NANOMATERIALS  RELEASE  IN  THE  ENVIRONMENT  AND  SO  POTENTIAL 
RISKS  FOR  ECOSYSTEMS  &EW  STUDIES  DEAL  WITH  THE  IMPACT  OF 
NANOPARTICLES ON THE ECOSYSTEM ; = -OST OF THEM CONCERN 
AQUATIC ANIMALS ;= AND BACTERIA 4WO CONCERNS ARE IMPORTANT 
IN  CASE  OF  BACTERIAL  CONTAMINATION  WITH  NANOMATERIALS  IF 
NANOMATERIALS  ARE  TOXIC  FOR  ENVIRONMENTAL  BACTERIA  THEY 
CAN  HAVE  DEVASTATING  EFFECTS  ON  THE  ECOSYSTEMS  AND  LEAD 
TO A GLOBAL DESTABILIZATION /N  THE OPPOSITE  IF BACTERIA ARE 
RESISTANT TO NANOMATERIALS ADSORB THEM ONTO THEIR MEMBRANE 
OR  ABSORB  THEM  IN  THEIR  PERIPLASM  OR  CYTOPLASM  THEY  CAN 
BE  RESPONSIBLE  FOR  THEIR  TRANSFER  IN  THE  ENVIRONMENT  4HIS 
MOBILIZATION  CAN  THUS  LEAD  TO  THE  TRANSFER OF  NANOPARTICLES 
FROM THE SITE OF CONTAMINATION TO NONCONTAMINATED AREAS 




MEMBRANE MODIFYING  ITS  PERMEABILITY  &OR  THIS  REASON  THEY 
ARE USED FOR  INDUSTRIAL PURPOSES FOR EXAMPLE AS ADJUVANT  IN 




ISSUES  IN  CASE  OF  DISSEMINATION  IN  THE  ENVIRONMENT  WHICH 









AS  A  RADIOSENSITIZING  EFFECT  WHEN  GOLD  IS  SUBMITTED  TO  AN 
82AY BEAM ; = !LL THESE PROMISING APPLICATIONS WOULD 
NECESSITATE  '.0S  VECTORISATION  TO  TARGET  SPECI½CALLY  CANCER 
CELLS  AND  TO  AVOID HIGH DOSE '.0S  INJECTIONS .EVERTHELESS 
HUMAN  EXPOSURE  TO  NANOPARTICLES  REQUIRES  NANOTOXICOLOGIC 
RESEARCH  TO  ENSURE  THE  ABSENCE  OF  TOXICITY  OF  THE  PARTICLES 
BUT  ALSO OF  THE  TARGETING  COATING #YTOTOXICITY  OF .0S  IS  AN 
EMERGING  ½ELD  OF  RESEARCH  ;=  AND  THEIR  IMPACT  ON 
HUMAN CELL LINES WAS RECENTLY REVIEWED BY ,EWINSKI ET AL ;= 




#URIOUSLY  ONLY  FEW  STUDIES  DEAL  WITH  IMPACT  OF  '.0S 
ON  MICROBIAL  CELLS  ;  =  7ILLIAMS  ET  AL  DID  NOT  NOTE 
SIGNI½CANT  DECREASE  IN  BACTERIAL  GROWTH  OF  %SCHERICHIA  COLI 
%  COLI	  EXPOSED  TO UP  TO   G M,  0%'COATED '.0S 
WHEREAS (UANG AND :HAROV TEAMS COMBINED '.0S AND NEAR 










BROMIDE  -44	  ;=  -ITOCHONDRIAL  DEHYDROGENASES  OF 
VIABLE  CELLS  REDUCE  -44  TO  WATERINSOLUBLE  BLUE  FORMAZAN 
CRYSTALS  THIS  ASSAY  THUS  INDICATES  CELL MITOCHONDRIAL  ACTIVITY 
IMPAIRMENT !FTER EXPOSURE  , OF A  MGM, -44 SOLUTION 
WERE  ADDED  TO  EACH WELL  !FTER   H  AT  # MEDIUM WAS 
THEN  REPLACED  BY    ,  OF  DIMETHYL  SULFOXIDE  AND MIXED 
THOROUGHLY  TO DISSOLVE  THE  FORMAZAN CRYSTALS .ANOPARTICLES 
WERE  ALLOWED  TO  SEDIMENT  DURING    H  AND    ,  OF  EACH 
WELL WAS THEN TRANSFERRED TO ANOTHER PLATE !BSORBANCE WAS 








BY  GROWING  CELLS  UNTIL  MIDEXPONENTIAL  PHASE  3INCE  '.0S 
IMMEDIATELY  AGGREGATE  WHEN  THE  SUSPENSION  IS  DILUTED  IN 
," MEDIUM DUE TO ITS HIGH IONIC STRENGTH CELLS WERE WASHED 
AND  EXPOSED  TO  '.0S  IN  STERILE  ULTRAPURE WATER  %QUIVALENT 
VOLUMES OF BACTERIA $/   AT  NM	 AND OF '.0S WERE 




&OLLOWING  '.0S  EXPOSURE  THE  BACTERIA  WERE  STAINED  USING 
THE  ,IVE$EAD  "AC,IGHT  "ACTERIAL  6IABILITY  +IT  )NVITROGEN	 
FOLLOWING  THE  MANUFACTURER´S  INSTRUCTION  4HIS  ASSAY  USES 
TWO DYE  COMPONENTS  THE GREEN¾UORESCENT  394/   STAIN 
AND THE RED¾UORESCENT PROPIDIUM IODIDE STAIN 4HESE STAINS 
DIFFER IN THEIR ABILITY TO PENETRATE HEALTHY BACTERIAL CELLS 394/ 
  STAIN  LABELS  BOTH  LIVE  AND DEAD BACTERIA WHILE PROPIDIUM 
IODIDE PENETRATES ONLY BACTERIA WITH DAMAGED MEMBRANES 
4HUS  LIVE  BACTERIA WITH  INTACT MEMBRANES  ¾UORESCE GREEN 
WHILE  DEAD  BACTERIA  WITH  DAMAGED  MEMBRANES  ¾UORESCE 
RED  ,IVE  AND  DEAD  BACTERIA  CAN  BE  QUANTI½ED  SEPARATELY 
BY  ¾UORESCENCE  MICROSCOPY  EXCITATION  AT    NM 
EMISSION AT  AND  NM 'EMINI 8 SPECTROPHOTOMETER 
-OLECULAR  $EVICES  3T  'RmGOIRE  &RANCE	  0ERCENTAGE  OF  CELL 



















AND  OVENDRIED  AT  #  4HE  COLLOIDAL  GOLD  NANOPARTICLES 
WERE PREPARED BY THE 4URKEVITCH METHOD ; = IE CITRATE 
THERMAL  REDUCTION 4YPICALLY  M, OF A   WV	  SOLUTION 
OF  TRISODIUM CITRATE WERE  ADDED  TO  M, OF  A  MOL
, +!U#L AQUEOUS SOLUTION 4HE MIXTURE WAS HEATED UNDER 
MODERATE  STIRRING  UNTIL    MINUTES  AFTER  THE  SOLUTION  HAD 
TURNED PURPLE )T WAS THEN SUBJECTED TO CENTRIFUGATION  














WERE  CUT  AND  OBSERVED  WITH  A  #-    0HILIPS  ELECTRON 




AND  (EP'  HEPATOCARCINOMA  CELL  LINE  ARE  CLASSICALLY 





ARE  THE MORE PROBABLE  TARGETS  OF '.0S  TOXICITY  4HEY WERE 
GROWN IN $-%- SUPPLEMENTED WITH  66	 FOETAL BOVINE 
SERUM  M- ,GLUTAMINE  5)M, PENICILLIN AND  GM, 
STREPTOMYCIN  4HEY WERE MAINTAINED  AT  #  IN  A   #/ 
INCUBATOR  AND  PASSED  AT    OF  CON¾UENCE  %XPOSURES  TO 
NANOMATERIALS WERE DONE ON SUBCON¾UENT CELLS
'OLD "ULLETIN    
THE  SOURCE  )N  THE PRESENT CASE  IRRADIATIONS WERE PERFORMED 















WELL PLATES 4EMPERATURE  REGULATION OF  THE PLATE  IS UNDER 
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THIS  ½LM  HAS  A  NOMINAL  MTHICK  RADIATION  SENSITIVE  LAYER 
ON  A    M POLYESTER  BASE  &ILM  SAMPLES WERE  PLACED  IN 
PLASTIC CUVETTES AND EXPOSED TO 8RAYS FOR VARIOUS DURATIONS 
!FTER  STORAGE  IN  THE  DARK  FOR  H  THEY WERE  SCANNED WITH 
A  #ANO3CAN  ,)$%  &  SCANNER  AND  BLUE  CHANNEL  IMAGES 
WERE  ANALYSED  WITH  )MAGE*  SOFTWARE  ;=  4HE  ABSORBANCE 
WAS DE½NED AS LOG))	 WHERE ) AND ) ARE THE MEAN VALUES 
RESULTING  FROM  THE  )MAGE*  HISTOGRAMS  FOR  RESPECTIVELY  NON
EXPOSED AND EXPOSED ZONES OF THE SAMPLES 4HE CONVERSION 
FROM ABSORBANCE  TO  ABSORBED DOSE  IN WATER  RESULTED  FROM 
PREVIOUS WORK ;= &OR ALL EXPERIMENTS THE EQUIVALENT DOSE 
RATE IN WATER OBTAINED WAS  'YMIN "ACTERIA WERE ALWAYS 




'OLD  NANOPARTICLES    BACTERIAL  CELLS  INTERACTION  AND 
TOXICITY
'OLD  NANOPARTICLES WERE  SYNTHESIZED  USING  THE WELLKNOWN 
METHOD OF CITRATE REDUCTION 4HE SPHERICAL PARTICLES OBTAINED 
WERE CHARACTERIZED USING TRANSMISSION ELECTRON MICROSCOPY 
4HEIR  SIZE  DISTRIBUTION  WAS  DETERMINED  BY  ANALYSING  MORE 
THAN  OBJECTS &IGURE  SHOWS THAT THE AVERAGE SIZE IS  













WAS  OBSERVED  THEY  PRESENTED  LARGE  INTRACELLULAR  VACUOLES 
BUT  SO DID CONTROL BACTERIA 4HESE VACUOLES CERTAINLY COME 
FROM  THE  STRESS  GENERATED  BY  EXPOSURE  IN  WATER  (OWEVER 
THESE  VACUOLES  DID  NOT  INHIBIT  BACTERIAL  GROWTH  WHEN  THEY 
WERE RESEEDED IN ," MEDIUM IE THIS STRESS WAS REVERSIBLE 






INTRODUCE  ARTEFACTS  IN  THE  STUDY  %FFECTIVELY  #ONNOR  ET  AL 
SHOWED THAT #4!" ;= USED AS A STABILIZER OF THE NANOPARTICLES 
INDUCES CELL  TOXICITY  3INCE OUR  SYNTHESIS PROCEDURE  INDUCES 





















TREATMENT  EFFECT  ON  SEVERAL  BACTERIAL  STRAINS  ;=  &ROM 
THEIR  RESULTS  IT  SEEMS THAT NONFUNCTIONALIZED '.0S ARE NOT 
TOXIC TO % COLI $(A BACTERIA BUT '.0S FUNCTIONALIZED WITH 




4O  CONSIDER  '.0S  AS  POTENTIALLY  RADIOSENSITIZING  IT  IS 
ESSENTIAL  TO VALIDATE THAT  THEY ARE NOT  TOXIC  TO HUMAN CELLS 
7E PERFORMED TOXICITY EXPERIMENTS ON .2+% AND (EP' 
CELLS MODELS FOR LIVER AND KIDNEYS WHICH WOULD BE THE MOST 
PROBABLY EXPOSED ORGANS  IF '.0S  REACH  THE BLOODSTREAM  IN 
CASE  OF  A  CONTAMINATION  )NDEED  IN  RATS    NMDIAMETER 
'.0S  INJECTED  INTRAVENOUSLY  WERE  SHOWN  TO  ACCUMULATE 
PREFERENTIALLY  IN  LIVER AND SPLEEN  ;= .2+% AND (EP' 
CELLS WERE EXPOSED  TO  GM, '.0S DURING  H 7E 
FOUND GOLD NANOPARTICLES AS NON CYTOTOXIC AS ONLY  TO  
OF  CELL  DEATH  WAS  MEASURED  ON  BOTH  CELL  LINES  USING  -44 
ASSAY  NOT  SHOWN	  )N  FACT UP  TO NOW  FEW STUDIES DESCRIBE 
CITRATE'.0S  TOXICITY  ON  HUMAN  CELLS  ;    =  #ONNOR 
ET AL  FOUND CITRATE'.0S OF  NM NONTOXIC UP  TO  - 

















































































EXAMPLE  %L3AYED  ET  AL  SHOWED  THAT  THE  PRESENCE  OF  GOLD 
NANORODS REDUCES BY A FACTOR OF  THE LASER POWER NECESSARY 
TO  KILL  CANCER  CELLS  ;=  2ECENTLY  NANOPARTICLES  WERE 
APPLIED  AS  PHOTOTHERMAL  AGENTS  FOR  SELECTIVEKILLING 
OF  PATHOGENIC  BACTERIA  ;  =  .ONFUNCTIONALIZED 
GOLD  NANOPARTICLES  COULD  INDUCE  THE  DESTRUCTION  OF 
PATHOGENIC  BACTERIA  AFTER  A  NEARINFRARED  ILLUMINATION  ;= 





SENSITIZING  AGENT  FOR  RADIOTHERAPY  4HE  ½RST  EXPERIMENTS 
CONDUCTED  SHOWED  THAT  NANOPARTICLES  RESUSPENDED  IN  CELL 
CULTURE OR IN TUMOUR TISSUES AND SUBMITTED TO 8RAY RADIATION 
INDUCE  A  HIGHER  DEGRADATION  OF  MALIGN  CELLS  OR  TUMOURS 
THAN  RADIATION  ALONE  4HIS  RADIOSENSITIZING  EFFECT  WAS  ALSO 
REPORTED  IN VITRO FOR $.! ; = AND PROTEINS  ;=  )N THIS 
WORK  WE  INVESTIGATED  THE  CAPACITY  OF  NONFUNCTIONALIZED 
SPHERICALSHAPED GOLD NANOPARTICLES TO  INDUCE BACTERIAL CELL 
DEATH  AFTER  8RAY  IRRADIATION  4HE  NANOPARTICLES  WE  USED 
HAD  APPROXIMATELY  THE  SAME  SIZE  AS  THOSE  USED  BY  (UANG 
ET AL ;= IE  NM DIAMETER )ONISING RADIATION IS WELL
KNOWN  TO  INDUCE  CELL  DEATH  WHICH  IS  QUANTI½ED  USING  THE 





TO ABROGATE VIABILITY  ;=  &IGURE !  SHOWS  THE  IN¾UENCE OF 
NANOPARTICLES EXPOSURE ON BACTERIAL VIABILITY AFTER    
OR  'Y OF 8RAY IRRADIATION .ANOPARTICLEEXPOSED BACTERIAL 
CELLS  VIABILITY WAS  NORMALIZED  TO  NONEXPOSED  BACTERIAL  CELL 
VIABILITY  !  GLOBAL  TENDENCY  TO  ENHANCED  BACTERIAL  DEATH  IS 
OBSERVED  DECREASED  VIABILITY  WAS  SIGNI½CANT  AFTER    'Y 
4HIS  RESULT  SHOWS  THAT  '.0S  HAVE  A  RADIOSENSITIZING  EFFECT 
ON  BACTERIA 7HEN  THESE '.0  AND  8RAY  EXPOSED  BACTERIA 




CURVES  IRRADIATED BACTERIA WERE STILL  ABLE  TO PROLIFERATE AND 
THE  GROWTH  CURVE  HAD  THE  SAME  APPEARANCE  &IGURE  "	 
,AG  PHASES  AND  GROWTH  SPEED  WERE  STATISTICALLY  SIMILAR  )T 
MIGHT BE THAT IRRADIATION CAUSED THE DEATH OF SOME BACTERIA 
BUT  NOT  ALL  AND  THAT  VIABLE  BACTERIA  PROLIFERATED  AS  NON
IRRADIATED BACTERIA 
#ELLKILLING  PROPERTIES  OF  VANCOMYCINCOATED    NM
DIAMETER  GOLD  NANOPARTICLES  COMBINED  TO  NEARINFRARED 
IRRADIATION  HAVE  BEEN  DEMONSTRATED  ON  PATHOGENIC 
BACTERIA  ;= )N THIS PREVIOUS WORK GOLD NANOPARTICLES WERE 






WAS  FURTHER  AMPLI½ED  BY  THE  PRESENCE  OF  FUNCTIONALIZED 
GOLD  NANOPARTICLES  /UR  REPORT  SUGGESTS  THAT  EVEN  NON















4HESE  NANOPARTICLES  ARE  ECOTOXICALLY  SAFE  AND  WILL  NOT  BE 
MOBILIZED  BY  BACTERIA  IE  TRANSFERRED  IN  THE  ECOSYSTEMS 
LEADING  TO  THEIR  DISSEMINATION  7E  ALSO  ADAPTED  AN  8RAY 
IRRADIATION SYSTEM ESPECIALLY DESIGNED FOR BIOLOGICAL SAMPLES 
#OMBINED  TO  8RAY  IRRADIATION  PREEXPOSURE  OF  BACTERIA  TO 
THESE NANOPARTICLES LED TO A TENDENCY OF RADIOSENSITIZATION 
OF BACTERIA BUT THIS TENDENCY WAS NOT STATISTICALLY SIGNI½CANT 
&UTURE  WORK  WILL  FOCUS  ON  NANOPARTICLES  FUNCTIONALIZATION 
IN  ORDER  TO  INDUCE  SPECI½C  ADSORPTION  OF  NANOPARTICLES  ON 
BACTERIAL CELL WALLS WHICH COULD ENHANCE THE RADIOSENSITIZING 
EFFECT  (OWEVER  SPECIAL  CARE  SHOULD  BE  TAKEN  WHEN  USING 
FUNCTIONALIZATION  AS  SUCH  NANOPARTICLES  COULD  BE  LESS  SAFE 
THAN THOSE WE USED IN THE PRESENT STUDY 
'OLD  NANOPARTICLES  SUBMITTED  TO  8RAY  RADIATION  APPEAR 
TO  BE  A  POTENTIAL  TOOL  FOR  ANTIMICROBIAL  PROLIFERATION 
SYSTEM OR  PATHOGENIC  BACTERIA  KILLING  SYSTEM  &OR  EXAMPLE 
THEY  COULD  BE  USED  AS  ANTIBACTERIAL  GOLD  NANOCOMPOSITE 
COATINGS ON MATERIALS DECONTAMINATED BY THE APPLICATION OF 
8RAY  RADIATION  4HE  EMERGENCE  OF  RESISTANT  BACTERIA  TO 
TRADITIONAL ANTIBIOTICS MOTIVATES SUCH A DEVELOPMENT OF NEW 
ANTIBACTERIAL SYSTEMS 
!CKNOWLEDGEMENTS  #OLLABORATION  BETWEEN  THE  TEAMS 
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